We design a new molecular system to gather excitation energy in the same way as the antenna pigments of plant chloroplasts. We introduced carbazolyl (Cz) group at a chain end of poly(r -(1-naphthylmethyl)-L-glutamate) (PNLG) which has naphthyl (Np) groups at each side-chain (Fig.  1) . A part of the excitation energy absorbed by a side-chain Np
group is estimated to transfer into the Cz group at the end. Since the structure of PNLG is of helix form in many solvents, it is possible to calculate both the distances between Np groups and between Np and Cz groups, and furthermore to relate these distances to the efficiencies of intramolecular energy transfer. We tried to observe the influx of singlet excitation energy to the Cz group at a chain end by monitoring the fluorescence intensities of Np and Cz. Fig. 1 Structure of PNLG-Cz y -1-Naphthylmethyl-L-glutamate was prepared by the reaction of L-glutamic acid with 1naphthalenemethanol (NpM) in dioxane using p-toluenesulfonic acid as a catalyst. [1] The monomer was polymerized to PNLG with carbazolyl group at one end (PNLG-Cz) by the Ncarboxyanhydride (NCA) method in THF with N-(3-aminopropyl)carbazole as an initiator. The ratio of NCA to the initiator was 30. After two weeks, the precipitated PNLG-Cz was collected, dissolved in THF, and repeatedly reprecipitated by pouring the THF solution into methanol. The gel permeation chromatography (GPC) experiments were carried out at 40°C on a Waters 150C ALCIGPC equipped with a pair of a Waters ii styragel HT with THF as the eluting solvent. The commercial poly(r -benzyl-L-glutamates were used to determine the calibration curve of molecular weight versus elution volume. Since the GPC chart of the PNLG-Cz shows that (1) the polydispersity is quite wide and (2) the Cz group is attached to any molecular weight fractions of this polymer, we fractionated the PNLG-Cz by our GPC system. Finally we obtained 6 samples with different molecular weight. Each sample was characterized using GPC, uv absorption, and fluorescence. The circular dichroism spectra of each sample in THF at room temperature are identical with those of PNLG in dichloroethane, [1, 2] showing that all the PNLG-Cz samples have the right-handed helix structure in THF.
We chose 313 nm as the excitation wavelength so that a Cz group is not directly excited very much and the Np groups are effectively excited. Consequently the Np fluorescence is found to be quenched very much while the Cz fluorescence is sensitized as well. Thus the excitation energy absorbed by a side-chain Np group is ascertained to transfer into the Cz group at the end. Fig. 2 shows the fluorescence excitation spectrum of PNLG5-Cz at 352 nm, which corresponds to the emission of Cz, together with the uv spectra of NpM and 9-methylcarbazole (9MCz), a Cz model. J. Photopolym. Sci. Technol., Vol. 8, No. 1, 1995 The figure clearly demonstrates that a part of energy deactivating as fluorescence of Cz is by way of the excited state of Np.
Next we tried to calculate the quantum efficiency of energy transfer from Np to Cz, ct. With regard to the quantum efficiency of Cz fluorescence, 1 Cz, the next equation holds because the shapes of Cz fluorescence spectra of any PNLG-Cz samples are identical with one another. ICz = A ICz (1-10 -ODCZ) (1) where ICz is the intensity of Cz fluorescence peak when it is directly excited, A is the machine constant, and OL is the optical density of Cz. The fluorescence intensity of Cz group directly excited was measured by the excitation at 332-and 346-nm, where only Cz is excited, and the obtained value of (AI) agrees very well with one another. These Atcz values are also identical with that of 9MCz excited at 313, 332, and 346 nm. Thus the total fluorescence intensity of PNLG-Cz excited at 313 nm, 'total, is expressed as eq. (2), where ODNp is the optical density of Np at 313 nm.
'total -ICz = A ICz 1 t (1-10 -ODNp)
We measured the uv and fluorescence spectra of DMF solutions of each PNLG-Cz with 5 to 6 different concentrations, because we can obtain the concentrations of Np and Cz in each solution from the uv spectra. Consequently we determined the value of 1 t for each PNLG-Cz by averaging the data for the solutions with different concentrations. Fig. 3 shows the molecular weight dependence of t t observed in DMF solution of PNLG-Cz. Note that 30% of the photo-excitation energy absorbed by all Np groups is transferred to Cz at the end even in the case of PNLG23-Cz.
The present results indicate that the PNLG system can work as an antenna polymer effectively absorbing uv photons and gathering them into the end group. The substitution of Cz to another acceptor group that can store photo-energy by photochemical reaction will be more useful in terms of the practical use of this polyamide system. 
